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Total pressure, N/m^ 
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Reynolds number/meter, 1/m 

Root mean square value of the parameter under consideration 
Total temperature, deg. K 
Position vector, (x,y,z) ,m 
Time del ay, sec 

Angular orientation of five hole probe to V,or aft look azimuth angle, deg. 

Radial distance from the center of Coelostat turret, m 

Indicated pressure at various ports of the five hole probe, N/m^ 

J«l,2,3,^ or 5, represents ports on the probe(see figure 3) 

Average of indicated static pressures from ports J*2 to 5»“j^P(J)/^tN/m^ 

Actual angle of Incidence, deg 

Indicated pitch angle of probe to the freestream, P{3) -PCS) 
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Actual angle of yaw, deg 
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SUMMARY 


An experimental investigation was carried out In connection with 
Aero-Optics series of tests in the x 14 ft Ames transonic wind-tunnel at 
Moffett Field, California on the Air Force Weapons Laboratory's (A'WL) turret 
model. The aerodynamic parameters me'asured were steady and unsteady pressures 
( static and total fluid pressures), local mean velocities and local mean 
densities at selected locations along the optical beam path for the azimuth 
look angles of 90, 120 and 150 degrees from the turret. Two different Instru- 
mentations appropriate for obtaining steady or unsteady fluid parameter 
measurements are presented. 

The test stream Mach numbers considered are O.SSi 0.65 and 0.75»and 
the Reynolds number per meter is in the range of 10^. The results indicate 
that severe optical degradation can be expected at aft look azimuth angles, 
this degradation in optical performance increases as the azimuth angle is 
increased. The ratio of rms static pressure to the local mean static pressure 
peaks in the range of 0.07 to 0.12, and the ratio of rms total pressure to the 
local mean total pressure peaks in the range of 0.02 to 0.04. These values 
depend on the Mach number and the aft look azimuth angle. The scale lengths 
obtained from correlation considerations are also presented. 
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INTRODUCTION 

The performance of an airborne optical system for astronomical 
research or a laser system for tracking and pointing of moving targets, is 
critically dependent cn the variations of the refractive Index in the aero- 
dynamic medium which these electromagnetic waves have to traverse. Since the 
index of refraction is directly related to the density field of the medium 
through the Gladstone-Dale relationship, and since there is no known density 
monitoring instrument presently available, the required data on the density 
field have to be Indirectly derived from a combination of theoretical considera- 
tions and measured aerodynamic parameters like mass flux, static and total pres- 
sures and temperatures, both mean and root -mean-square values of the fluctuations. 

For a number of years NASA, Ames Research Center, Moffett Field, CA and 
Air Force Weapons Laboratory at Kirtland Air Force Base, NM have been engaged In 
a cooperative venture of experimental investigations leading to both qualitative 
observations and quantitative measurements of various fluid parameters surrounding 
scaled turret models in a wind-tunnel environment. In the ** Proceedings of the 
Acio-vptics Symposium on Electromagnetic Wave Propagation from hircraft*' (Ref . 

1 ) the cumulative efforts of several investigators from past years up to Aero 
Optics IV tests are presented and discussed. 

The present report will be concerned with a 0.30 s'".ale " on-glmbal" 
turret model with a circular aperture. The aperture Is surrounded by 
a porous projected fence. The entire turret model Is mounted on a splitter 
plate In the wind-tunnel test section as sketched in Figure 1. The range of Mach 
numbers and the Reynolds numbers considered in these tests arc comparable to the 
actual flight environment. The methods of obtaining mass flux measurements using 
constant temperature hot wire anemometry, and unsteady pressure (static and total 


pressures) parameters using a specially designed probe, are discussed by indi> 
vldual investigators Rose and Raman respectively in their articles in reference 1. 
A good overall review of wind-tunnel tests is given by Buell In reference 1. 

These methods will not be discussed in the present paper ^ nor will we go into 
the calculation of rms density value using measured mass flux, pressure and 
temperature along with all the necessary assumptions in such a manipulation. 

Such a discussion is given by Rose In another article in reference 1. 

The new five hole conical probe used in these investigations to obtain 
mean local Mach numbers (or velocities), local mean total and static pressures, 
and local mean densities In the near and wake field region of the turret will be 
discussed. The cone probe requires an extensive calibration procedure In a 
known flow field to obtain all necessary calibration data. 

The correlation coefficients were obtained using two identical pressure 
probes with known separation distance between them. From these correlation data 
the scale lengths along the look azimuth direction of parameters under considera- 


tion will be derived. 
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EXPERIMENTAL FACt L I TY AND MODEL 


The wind-tunnel test facility used for these investigations was the 
|4 X 14 ft Ames transonic wind-tunnel. A large 0.3 scale model of the Air 
Force "on-gimbai" turret was Installed on a vertical splitter plate to avoid 
the unknown wind-tunnel sidewall boundary layer effects on the measurements. 

A sketch of the experimental set-up Is given in figure 1. The tests covered 
the following test stream range: 

0.55 i free stream f‘ach number, M» 1 0.75 
9x10^ < Reynolds number/meter, Re/m < 12x10^ 

1.6x10** < dynamic pressure, q, N/m^ < 3.25x10** 

Figure 1 shows the locations of five surface mounted transducers, 
PlOO to P104, for obtaining the dynamic static pressure data. The azimuth 
look angle with origin at the center of the turret is shown In dashed lines 
for 90, 120 and 150 degrees. 

These tests were carried out for zero elevation of the turret, that 
is, the axis of. the optical path emanating from the turret along 90, 120 and 
150 degrees were all parallel to the plane of the splitter plate. The turret 
diameter Is 42.7 cm and the aperture diameter Is 18 cm. 
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INSTRUMENTATION 


The measurement of steady and unsteady pressure using a special 
mult I -probe was discussed in detail by Raman In an article 4« reference 1. 

Through the use of two identical multi-probes mounted on a traverse mechanism 
designed by P.McQuade of the Air Force, corretat ion measurements were made. 

Mean fluid parameter measurements were made along the optical path 

axis for 90, 120 and 150 degrees with a specially designed conical five hole 

probe . 

In addition Rose used hot-wire anemometry to obtain mass flux measure- 
ments, the details and results are discussed in reference 2. Both pressure and mass 
flux measurements arc required to extract Information about the density field 
in the near field and in the wake of the turret. The article by Rose in reference 1 
gives the details about the assumptions made for the calculations and the results. 
Similar calculations are made using the data from the present tests. 

Local steady state flow parameters In the freestream, in the shear 
layer region or *n the disturbed flow region behind the wake of the 
turret model were measured with a conical tip five hole probe. The probe was 
specially designed, and was machined and fabricated at NASA, Ames Research 
Center after an extensive study of available literature on five hole probes 
(Ref.3»‘»,5 and 

The probe tip and the holder are sketched In figure 2. All dimenflons 
arc in millimeter units. The probe Itself was tested at the US Air Force Academy 
1 X 1 ft trisonic blowdown wind-tunnel facility at Colorado Springs, CO to obtain 
the necessary calibration data. The range of Mach numbers for these tests were 
C.2 as M« « 1.8, achieved by installation of appropriate interchangeable 
nozzle blocks during the tests. The data obtair^ed were analyzed to establish 
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the required calibration curves and analytic expressions prior to the use of 
the probe in the 6 x 6 ft wind-tunnel tests. 

The conical tip probe probe provides five pressures, ?(j), J*1,2...5 
corresponding to the number of ports as shown in figure 3« The body fixed 
coordinate system used is also given along with the derivable expressions for 
u,v,w, the velocity components of velocity vector T, (Ref .5) . Velocities are 
considered in terms of Mach numbers M and later converted by multiplying by 
the speed of sound. 

During the cal i brat I on tests the tunnel static pressure, total pressure, 
total temperature and the Mach number In the test section are known and the 
conical tip probe Is tested where the angular or lentat lon,6 and ^ (see figure 3) » 
Is varied and thu corresponding pressure P(J) measured. From the known 0 and ^ 
the corresponding 6 and a angles can be determined. That is 

e " sin*^ ( sin 0sln ♦) 
a • sin”^ ( sin 0cos ♦/ cos 6 ) 


Also, we define the indicated pitch angle, Oj , and the Indicated yaw angle, 6|, 
using the measured pressures P(J), J»t,2...5 as given below 


P 


ave 


5 

-i:p(j)a 

J-2 


P(3) - P(5) 

Of 

P(l) - P^ve 
P( M - P(2) 

The Indicated angles oj and are plotted against the actual angle of 
incidence, o, and the actual yaw angle, 0 , respectively, and frcm these 
the relationships between a ,Oj ,B and Bj are established as 
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a ■ l»0 tanh (0.$2 0 | ) 
6 ■ 40 tanh (0.52 6| ) 


Thus v« are In a position to calculate the direction the velocity vector 
*7 makes with the probe axis. 

Now let us define the indicated Hach number, S, as 


S - 


P(1) 


LVave I 


in 


., 1 . 

J 


Vt 


This Mach number, $, Is compared with the local test section Hach number . 
for each pitch angle, 6 . Through the use of a spline curve fit program the 
analytic relationship of parameters S and Is established. The expression 
thus obtained Is 


M 


I 


A.+ (1+ A|)S ♦ 



-S)^ In ( -S)* 


where A|^ are functions of 6 and B|j are constants. The values of A|^ and 
are given below. The angle of 6 Is the actual angle of attitude between the 
freestream velocity vector and the probe axis and is given as 


e 


tan 


(sln^ tan^ B)^ 


/ cos a 


in degrees. Since we have obtained , o and 6 so far, the velocity and 
its components can be resol vec completely from the five hole probe pressure 


data. 


M. 


m-d,4iX9 Jf-J ♦ S.5379 E->3 *0 - 3.0825 »-4 * 0 ^ ♦ 6.0700 E-6 * 0 ^ 

Ai - a. 2572 a-1 - 1.1320 E~2 *0 -f 4.928$ ff-4 * 0 * - 5.J700 a-6 * 0 ^ 

*2 - 2.0175 a-1 - 1.0063 0-2 *0 * 8.2650 0-4 *0^ - 1.9790 0-5 *0^ / • 0 

Aj m~1.4089 E‘l * 1.4581 E~2 *0 - 1.3534 E->3 *0^ ♦ 2.9750 0-5 *0^ / Bj - 0.10 

- 1.3524 0-2 - 4.0738 E-3 *0 -f 4.5063 0-4 *0^ - i.lllO 0-5 *0^ / 0^ - 0.20 
05 - 4.0656 0-2 - 9.9740 0-3 *0 ♦ 5.4000 0-4 <0^ - 0.0300 0-6 *0^ / 0j - 0.30 

05 —7.5009 0-3 4 1.009 4 0-2 40 - 1.0900 0-3 *0^ 4 1.7610 0-5 4^2 ; . 0.35 

Ay - 5.3912 0-2 - 1.9000 0-2 4® 4 5.5526 E^4 *0^ 4 3.1100 0-6 *e2 , 0^ - 0.40 

00 • 2.0045 0-2 4 1.0900 0-2 40 4 5.0053 0-4 40^ - 2.2710 0-5 40^ , b^ - 0,46 

09 • 3.0197 0-1 - 2.0066 0-2 40 .. 1,9680 0-4 40^ 4 2.4390 0-5 40^ ' ^9 * 

010 • 2.6355 0-1 4 2.1496 0-2 40 4 1.7337 0-3 40^ - 7.3770 0-5 40^ ; Bjp- 0.60 

021 • 2.3345 - 7.4009 0-2 40 - 1.H74 0-2 40^ 4 3.8750 E-4 40^ ^ Bjj* 0»62 

022 — 7.6371 4 0.9029 0-1 40 4 1.9324 0-2 40^ - 1.4235 0-3 402 , Bj 2 » ®.67 

02J —4.3933 - 2.5205 *0 4 2.7040 0-2 40^ 4 2.0331 0-3 402 ; Bjj* 0.70 

024 • 7.0009 4 2.6634 *9 - 9.6695 0-2 40^ 4 2.6420 0-4 402 ; B24» 6.72 

025 - 2.9364 - 1.3706 40 4 9.3050 E^2 40^ - 1.7324 0-3 40^ ; 025* 0.75 

016 —1.2053 4 4.1122 0-1 *0 - 2.0499 0-2 40 ^ 4 5.9306 0-4 4©^ ; B^^- 0.79 

027 • 3.0079 0-2 ♦ 9.0243 0-2 *0 - 1.5733 0-2 40^ 4 3.7172 0-4 40^ ; Bj^- 0.86 

0J5 —2.6767 0-2 - 0.2292 0-2 #0 ^ 1.0544 0-2 40^ - 2.3109 0-4 40^ , Bj^* 0.93 
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T 


ill order to obtain a relationship between local total pressure 
p^^ and measured P(J) we define P as 

H - P(1) 


H - P 

ave 

where H Is the total pressure at the probe location. For subsonic flow 
M^< I, Py^ . But In supersonic flow situations a standing bow shock wave 
would exist ahead of the conical probe, and H then represents the total pressure 
behind the bow shock wave. This is the value of H expressed as 

-2.5 


H - P, 


/*H? 1 

3.5 

K •’ 

♦ 5] 


1 6 


for M^>l 


By considering F and obtaining an expression for F as a function of 6 and 
from our calibration tests, we are in a position to obtain the total 
pressure H in an unknown flow field from measurements of P(J) and an expression 
for F. Once H is known, the local total pressure in the flow, that is, ahead 
of the bow shock wave of the probe, can be established by rewriting for 

*3.5 

I /n. - I I I onr I 

V 


'7M^ - 1 

r 1 

L 6 



Thus we can obtain the actual total pressure from the conical five hole probe 
measurements. The expression for F is given below and is a function of and 6. 

F - ( l.6004E-3*M^ ♦ 1».5331 »E-Ii*mJ - 7.6I39E-i»*mJ ) 
(- 3.7823E-2*M^ ♦ 1|.6857E-2*mJ - I.7022E-2*mJ )e 
+ ( 2.6922E-3*M^ - 2.3993E-3*M* + 6.5I68E-^*mJ 
+ (-8.5000E-7*M^ - I.7070E-5*hJ ♦ 9.8200E-6*m 5 )e5 
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So far the data from the five hole probe and manipulation of the data 
have yielded a » 3 » 0 • through spline fit curve expressions using A^, 

Bk and S and the total pressure p^ using expression F(h^, 6 )• Now, if we 
assume an adlsbatlc process and that the wind>tunne1 total temperature, , 
is available, then we can obtain local mean static pressure, p^ , local mean 
density, , and local mean velocity, , by using the expressions 


^ . 


Pt^ ( 1+ /5 ) 


-3.5 


286.86 H h\ /5 


u^ - 20.0*1 



since y ■ l.*» for air. 


TESTS 


The tests carried out Involved several model changes In orientation of 
turret look angles 6 . The Instrumentation changes Involved changing the five 
hole probe or mult I -probes on the appropriate probe holders provided on 
the traverse mechanism and routing alt Instrument cables to the signal condition- 
ing and data acquisition station. All standard calibration procedures for all 
instruments prior to each set of tests, vmre adhered to, and some on-line data 
processing and observation of results as the tests progressed were possible 
through effective use of desktop calculators, plotters and oscilloscopes. 


» 
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RESULTS AND DISCUSSION 
Steady State Heasuremants 


The mean local maasurame«nts of fluid flow parameters, namely, the 
local Mach number, , the local total pressure, pj^, and the local density, 

, along the radial axis of the optical path for azimuth angles 90, 120 
and 150 degrees are presented In nondimensic nal form of , Pj^ 

/(^ In figures k, 5 and 6. These measurements were used to obtain an ana* 
lytic expression for /M^ , (■ Y^); Py^/py^ i (■ Tj) and p^ Vj ) 

through the spline curve fit procedure and yielded data for the solid curve 
shown through the data points in figures 1», 5, 6. The constants A|^ and B|^ 
entering in the spline expressions 

Y,(R) - A,^ + A,, R + j;. A„^{ - R )\ In (B,,, - R)* 

k«2 

where i » I, 2 or 3 to yield values for Y^ (r) ,Y 2 (R) of Yj(R) »are given in 
tables 1, 2 and 3. A note of caution is necessary when using the above ex* 
pression for calculations: always select R ^ values. The analytic ex* 
pressions for Y^, Y 2 and Yj were useful for normalization of unsteady flow 
parameter data to their respective local mean parameters. These are presented 
later in this report. 

From the date in figures 4, 5 and 6 one is able to obtain the magnitude 
of the shear layer and the gradients of and p^ . These are given in table 
4. One can even obtain the pressure gradients fr<xn figures 5 and 6. The 
shear layer is thin and the gradients of and p^ are large for an azi* 

muth angle of 90 degrees. As the azimuth angle Is increased, the shear layer 
thickness Increases and the magnitude of the local density gradients decreases 



I 


16. 


for a given Mach number. Also, for a given 6 , the local Mach number gradients 

Increase with an Increase In Mach number. The Increase In shear layer defines 
the optical path length, L, variations as a function of e . Along this path 

the optics performance characteristics degrade through the shear layer turbulence. 

Dynamic Measurements 

In figures 7 and 8 the unsteady static and total pressure measurements 
obtained by the combination probe are presented In normalized quantities. The 
appropriate local mean static or total pressures are used as the normalizing 
pressures of the unsteady data pr«:sented. The peak unsteady static pressures 
fall in the range of 7 to 12 t of their local mean pressures for both 6 • 120 
and e ■ 150 and for all Mach numbers. Some of these unexpectedly high values 
of unsteady static pressures may be due to variations In the local stream 
direction as it approaches the static pressure port. Only through simultaneous 
flow visualization during the static pressure measurements can this reasonable 
conjecture be substantiated. The maximum unsteady total pressure data fall 
within % of its local mean pressure for all Mach numbars and azimuth angles. 

The correlation function measurements of the unsteady pressures for 
various Mach numbers and azimuth angles were carried out using two identical 
multiprobes (details of the probe are described In the article by Raman In 
reference l), varying the separation distance between these two probes. In 
figure 9 the cross correlation function for an azimuth angle of 120 degrees 
and for Mach numbers 0.55, 0.65 and 0.75 Is presented for various separation 
distances while one probe was held at the radial location, R ■ 28cm. In 
figure 10 similar data are presented for 0 ■ 150 and R ■ 30cm. In both figures 
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9 and 10 the static and total pressures were considered. In table 5 the 
scale lengths obtained from several of these correlation measurements are pre- 
sented for R ■ 30 cm for different Mach numbers. 

For an azimuth angle of 120 degrees and radial location around 30 cm 
the scale lengths are smaller In magnitude than for the azimuth angle of 150 
degrees and R ■ 30 cm for both static and total pressures presented here. 

An examination of figures 5 and 6 Indicates the different regions that are 

being explored In these measurements. When 9 - 120 degrees and R ■■ 30 cm, 
the Initial start of the shear layer region Is considered, while for 9 ■ 150 
degrees and R ■ 30 cm the wake region Is examined. This difference in regions 
explored could account for the large differences in scale lengths observed In 
the data presented In table 5. 

In figures 11 and 12 the cross correlation functions are presented for 
a fixed separation distance between the probes as a function of radial loca- 
tion, R. These figures shed some light on the decay of the pressure signature 
observed in the explored regions. The decay rate In the shear region (figure 
11) Is much greater than that observed for the wake region (figure 12). Please 
note the scale differences In abscissa In figures 11 and 12. 
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CONCLUSIONS 

From the results of the present experlmentel investigation on 
the turret model In the 14 x 14 ft transonic wind-tunnel at Ames Research 
Center, the following conclusions can be made: 

1) The five hole conical probe, once completely ca1ibrat«)d, can be success- 
fully deployed to yield information on mean flow parameters In an unknown 
flow. This instrument gives local Hach number, the direction of flow and the 
total pressure. From these values and the adiabatic assumption all other 
flow parameters can be derived. 

2) The unsteady pressures and correlations can be measured using the multi- 
probes. The maximum of RMS static pressure occurs around the radial dis- 
tance of R • 31 cm for an azimuth angle of 120^, this is the region where 
maximum pressure gradients occur, see figure 5 (a,b,c). The same conclu- 
sions can be drawn for the azimuth angle of 150^ and a radial distance of 
around 46 cm. 

3) The scale lengths obtained from the correlation measurements of static 
pressures are around 3 cm in the shear layer region for an azimuth angle of 
120^ and seem to be dependent on Mach number In the wake region with 
an azimuth angle of 150® the scale lengths vary from 8 - 15 cm and seem to 
depend on Hach number Hcs* 

4) One obtains an understanding of the relative decay of turbulence by examin- 

ing figures II and 12. The decay rate seems to be more pronounced in the 
shear layer (figure II) than in the wake region (figure 12) when one examines 
the peak correlations for a given separation distance as they progress along 
the radial path. Note that the separation distance in figure 11 is • 0.5 cm 

v/hile A” » 2 cn for figure 1?. In spite of this difference the decay indl- 
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cdtad In figure 12 Is slower then that In figure 11. 

S) The static pressure fluctuations combined with velocity fluctuations 
contributes to density variations In the flow. This Is pointed out In 
reference 2. 

All the experiments carried out so far are only for zero elevation 


of the turret. 
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5.5058-2 

1,7128-2 

7.6388-3 





2 

1.7888-2 

4,2798-3 

1.4958-3 

20.46 

0.17230 

0,68386 

0.82954 

3 

-1.1578-2 

-1.9418-3 

-1.7268-3 

21.17 

0.17549 

0.68061 

0.82905 

4 

1.7808-3 

3.3998-3 

3.5408-3 

21.74 

0,22681 

0.68462 

0.83142 

5 

-4.6928-2 

-6 ,6518-3 

-5.4518-3 

22.43 

0.38402 

0.70461 

0.83428 

6 

-3.0398-2 

-3,0748-2 

-2,9018-3 

23.06 

0.71351 

0.77753 

0.85714 

7 

9,3688-2 

3.6208-2 

4.0898-3 

23.69 

1 .07253 

0.91515 

0.89142 

8 

-2.2058-2 

-3,0088-3 

1.7438-3 

25.03 

1,12865 

0,98920 

0.93714 

9 

-1.5018-3 

-1.2838-3 

-7.1238-4 

27.53 

1.10931 

0.98931 

0.94571 

10 

-9.0498-4 

-2,5828-4 

-7,7218-5 

35.28 

1 .06656 

0.99096 

0.96571 


Freeatteamt Mach No.aiO.75 Total Preaaura,tl/a^ •1,01*10^ Danaitg,kg/n^^O ,825 


0 

2.826E-1 

5.3798-1 

6,4508-1 





1 

5.4598-2 

2.3808-2 

1.1268-2 





2 

2.1908-2 

5,2258-3 

1.1978-3 

20.45 

0.22715 

0.59069 

0.75937 

3 

-1.0188-2 

-2.5188-4 

1.0048-3 

21.11 

0.22542 

0.59203 

0.76131 

4 

-2.0138-2 

4.7878-3 

-5.2918-4 

21.78 

0.30266 

0.60161 

0.76323 

5 

-5.5638-2 

-2.8588-2 

-4.7708-3 

22.40 

0.52498 

0.64060 

0.77500 

6 

4,8638-2 

-4.9128-3 

-2.2278-3 

23.11 

0.95652 

0.79576 

0.81250 

7 

4.2108-2 

3,6358-2 

5.7918-3 

23.91 

1.22673 

0.98095 

0.86562 

8 

-2,5128-2 

-1 ,1638-2 

2.3518-4 

25.03 

1.17643 

0.99210 

0.89966 

9 

-6.8168-4 

-6.1838-4 

-5.9318-4 

27,60 

1.14181 

0.99112 

0.91509 

10 

-8.9438-4 

-3,7218-4 

-1 .0818-4 

35.28 

1.08266 

0.99077 

0.94968 


T_sJ> 1 m 2 


AMimth anolm » 120 


FrM«tr«Mif #racb llo.«0.55 Totai Praai>ur»/Jir/ii^ •1,01*10^ tensity tkg/m^"0 ,979 


Maaavred vaiuaa uaiiig five hoie probe 


k 

i*i 

i»2 

i"3 

*1A 

"l 

^2 

^3 

0 

-4.907ff-J 

5,328E^1 

7.531E-: 





1 

5.6409-2 

1 ,272E^2 

4.6499-1 





2 

9,307E-3 

i. 6129-1 

lr0749-4 

26.67 

0,26424 

0,V4042 

0,85340 

3 

•2.6S3E-2 

-2.9919-1 

1.320E^4 

27.94 

0.21799 

0,74253 

0,85340 

4 

l,896E-2 

2,305E~y 

•2.890E^ 

29.64 

0.14545 

0,75290 

0,85340 

5 

-i.2i99-2 

-1.6129-1 

-7.5609-4 

30,48 

0.62464 

0.79165 

0,86325 

6 

6,2959-^3 

-4.0019-5 

-6.1209-4 

11.75 

0.91910 

0,86782 

0,89422 

7 

7.7719-2 

2.9119-1 

1.7919-1 

33,02 

2,22864 

0,94584 

0,92052 

9 

1.2129-4 

7,217E»4 

-1.1219-1 

14.29 

1.19017 

0,98240 

0,92205 

9 

-2.6609-1 

-5.9609-4 

6.4459-4 

15.56 

1 .19727 

0,98952 

0,93386 

iO 

1.4779-4 

-9.2419-5 

-4.4919-5 

19.10 

2,27577 

0,99222 

0.94J79 

ii 

•l,485E-’3 

-1.2969-4 

-1.1419-4 

40.64 

2,25607 

0,99240 

0.94444 


Freeatream ffacb Fo.*0.65 l^tai Fraaaura«F/af^ •1,01*10^ DmnBitg,kg/m^»0,928 


0 

-1.046 

2,232E-2 

6.2679-1 





1 

6 .6429-2 

2,953E-2 

6.7919-1 





2 

4,260B^3 

2,335E-3 

4.5009-4 

26 .67 

0,27350 

0.66277 

0.80572 

1 

-1.2779-2 

-1.1729-1 

-1.4209-4 

29.21 

0,32223 

0.67115 

0.80572 

4 

4.9119-1 

-1.0099-1 

-6 .4919-4 

30,48 

0.58333 

0.72624 

0,82724 

5 

-6.1629-1 

-1.9929-1 

-5.6419-4 

31,75 

0,85758 

0,79859 

0.84242 

6 

1.4409-2 

5,335E^3 

1.4759-1 

33,02 

2.12235 

0.92459 

0.87356 

7 

-7.9619-4 

6.9649-4 

-6.9669-4 

34,29 

1.19691 

0,97242 

0.0iiS2 

9 

-1.4699-1 

-2.1449-4 

9.2779-4 

35,56 

1 .20121 

0,98773 

0.90657 

9 

-2.1959-1 

-9.7929-4 

-3.9679-4 

38,20 

1.16917 

0.99020 

0.91666 


Fraestreanr 

Nacb 9o.«0.75 

Total Freaaure#9/a^ •! .01*10^ 

Oanai t y # kg/m^"0 , 825 

0 

-2.0099-1 

1.1949-1 

5.6959-1 





1 

5.1479-2 

1.6199-2 

6.6019-1 





2 

1.7529-1 

1.2729-1 

1.4499-4 

26,67 

0.25482 

0.57059 

0,74233 

1 

-6.0559-1 

-1.7249-4 

1.1679-4 

28,79 

0.25990 

0.57961 

0.74433 

4 

~2,749E~3 

-1.5169-1 

-1.0169-1 

30.48 

0.52834 

0.62266 

0.75190 

5 

•7,320E-3 

-7.1249-1 

-1.1579-1 

11.75 

0.80852 

0.72488 

0.78225 

6 

1.1119-2 

7.1729-1 

2.6119-1 

11.02 

2.23292 

0,87762 

0.82875 

7 

5,224E-3 

2.1299-1 

-1.2709-1 

14.29 

2.27200 

0.96453 

0.83333 

9 

•4,279E-3 

-5.7669-4 

5 .6919-4 

15.56 

2.27285 

0.98764 

0.84905 

9 

-5.6999-4 

-5.1419-4 

1.4509-5 

36,83 

1.26111 

0.99063 

0.65649 

10 

-2.6619-4 

-1.1529-4 

-1.7079-4 

38,20 

2.24833 

0.99044 

0.66477 

11 

-7.4999-5 

6.0269-5 

6.7429-5 

40,64 

1.21614 

0.99025 

0,87735 

12 

-9.7059-4 

-1.9149-4 

-1.0919-4 

43.18 

1 .20160 

0.99054 

0.66679 


AsiiweA angle « 150 


FreeefireMu 


Mach Ifo»m0,55 


Total Preaaure^lf/a^ •1,02*10^ 


Dmei ty, kg/tt^»0 . 979 




10 

11 


^ 1 * 


i»l 

i*2 

i-2 

*1* 

-5.077E-1 

4.i9a-i 

6,924E-2 


1.8€8E~2 

5. 4440- J 

2,2$2E^3 


3.013K~4 

3.$27E‘5 

-5.1690-6 

25.40 

-l.OOlS-4 

1,431E^S 

2.7060-5 

20.40 

1,147E~4 

2.0I8E-4 

0.0290-5 

25.56 

2.314E~4 

-2.7900-4 

-5.2020-4 

40.64 

2.322E-3 

•2,412E^3 

-1.77a-2 

45. /2 

1.19SF-J 

•-e,306E’^ 

-9.6900-4 

50.00 

0.4290-4 

3,582E~4 

1.6720-4 

55.00 

-6,226E-4 

-1.2200-4 

-‘2,274E-6 

60.71 

•1.32SE‘3 

1.2410-2 

1.0520-2 

40.26 

-2. 7540- J 

6.9910-4 

1.1510-2 

42.10 


Meaaured value# uaing five hole prohe 


>^1 


^3 

0.19255 

0,74324 

0,85677 

0.17652 

0,74470 

0,85937 

0,28330 

0,74042 

0,85340 

0,24078 

0,73893 

0,84026 

0,90672 

0.77520 

0,85564 

0,92032 

0,06436 

0,87926 

2,22024 

0,94277 

0,90824 

2 ,24363 

0,97239 

0.92157 

0,74290 

0,03622 

0,89220 

0,34706 

0,75852 

0,86325 


Fraeatnam Mach Wo.«0.75 Total Praaaura,M/m^ «10^ 


Oenaity /hg/ni^aO . 025 


0 

-1.600 

-4,178E-2 

2.5140-1 





2 

2.9420-2 

1.2970-2 

4,320E-3 





2 

2.7920-4 

1.1560-4 

5.1170-5 

’9.21 

0.22096 

0,56094 

0.72274 

3 

2.2410-4 

4,360E-5 

2.6000-5 

25.56 

0.21266 

0,55240 

0,71076 

4 

-0.1100-4 

-6.9910-5 

-0.9920-5 

40.64 

0,20772 

0,54397 

0,70061 

5 

-1.2440-5 

4.6690-5 

2,046E-4 

45,72 

0,39306 

0.57000 

0,71296 

6 

•8,2510-4 

-3,7658-4 

-2,820E-4 

48,26 

0,53938 

0.60207 

0,72530 

7 

9.0490-4 

5,0420-6 

2.7910-5 

50.80 

0,72223 

0.66221 

0.75222 

0 

6.0260-5 

2,835E-4 

2.0020-4 

53,34 

0,87222 

0,73524 

0.70006 

9 

-2.2270-4 

-6 .6400-^ 

-4.0200-4 

55,08 

2 ,00467 

0.00705 

0.80246 

10 

2.1400-4 

6.1690-4 

2.1450-4 

57.91 

2,20882 

0.07990 

0.02972 


CRiaHAL 
Of POOR QUA*n^ 


T«bl* 1». Sh«ar Layr Thickness and Local Penalty Cr>dt>nts . 



- 90 

- 120 

m 

ISO 


In - 0.55 

M - 0.65 

H -0.75 

M -0.55 

H -0.65 

H -0.75 


b -0,7'; 

Shear Layri 
Th 1 cknetis, 
cm. 

k.O 

5.5 

6.0 

■ 

10.0 

0.5 

iP.r 

IP.O 

JM/tIR 

0.120 

0.150 

0.230 


0.170 

0.1P5 

n .ft/i'' 

O.OSO 

dp/dR 

0.220 

0.205 

0.1 00 


O.OlB 

O.OIli 

0.01'* 

r , onP 


Table S . Scale lengths Obtained frotn Correlation Consitle r i t lo f< «. 


Slat ic Tressurcs 
1^, cn 

M 

0 

degree 

■^otal Pressuriti 
l^.cm 

7.P'? 

0.55 

no 

or*) 

7.r7 

0.5s 

120 

1 .n 

. ®T 

0.75 

no 

0.»<7 

c - o 
• / 

r 

1' 0 

1 Of ( 

'■'.17 

f 

If n 

. 1® 

|l».'’C 

0.75 

n.r 

5 .17 
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Figure **. (c) Local Flow Par 
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rigure 5. (c) Local Flow Pa 
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Figure fb) Local f?q%» ?ara»T’eter t i str ibut ion. 
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Figure 3 . Vorralized 'Jnsteady Pressures. Azinuth Angle ■ 150 deg 



Separation Cl stance 


Q Static pressure 



Figure? 10 Correlation Coefficients for Sziruth angle « 1?0 degrees 





Cross Correlation coefficient versus separation distance. 
9 ■ 15C° Separation d i stance ■ 2 cm. 


